The structural gene for penicillinase in Staphylococcus aureus is usually borne on a plasmid (8, 9, 14) , although there is evidence for a chromosomal location in a few strains (1, 10, 20) . The enzyme is inducible (6) , and its rate of formation is controlled by a regulator (i) gene closely linked to the structural gene (14, 21) . The product of the i gene is a diffusible cytoplasmic repressor. Richmond (22) presented evidence for another regulatory locus, also on the plasmid, which restores inducibility to a class of noninducible mutants. He suggested that the product of this locus and that of the i gene may cooperate in the regulation of penicillinase, perhaps by forming a dimeric repressor. Mutant strains of S. aureus that form increased amounts of penicillinase constitutively have been isolated. Those that have been analyzed by transduction bear their genetic lesion on the penicillinase plasmid, usually in the i gene, and, in any case, very close to the structural gene (15, 16) . Thus, when the penicillinase plasmid is transduced from such mutants to penicillinase-negative recipients, constitutivity is cotransduced in all cases.
During the course of studies of the regulation of staphylococcal penicillinase formation, we obtained plasmid constitutive mutants like the i mutants described above; in addition, we found another class of constitutive mutants, in which the site of mutation is unlinked to the penicillinase plasmid. In this paper, we report the isolation and some properties of these mutants.
A preliminary report has been presented (S. Cohen and H. M. Sweeney, Bacteriol. Proc., p. 52, 1967).
MATERIALS AND METHODS
Organisms. Table 1 lists the strains of S. aureus.
Penicillinase production was associated in each case with resistance to HgCl2, tested according to Green (7) . Strains producing no enzyme were sensitive to HgCl2.
Strain 8325a, was R. P. Novick's transductant of staphylococcal phage-propagating strain 47 (PS47) from the Public Health Laboratory Service, Colindale, London (14) . In this paper, we refer to this strain only as 8325aw and reserve the designation PS47 for the strain received with a set of typing phages from the Communicable Disease Center, Atlanta, Ga.
Mutants constitutive for penicillinase are indicated by the letter K following the strain designation; the number after K identifies each separately isolated mutant, e.g., A5K11. Transductants prepared in our laboratory are indicated by the designation of the recipient strain followed by a solidus and then the source of the penicillinase plasmid. Penicillinasenegative strains obtained by plasmid loss are designated by (N) as a suffix to the designation of the parental strains (16 Novick and Richmond (16) . This procedure was also used to check the constitutivity of samples of cultures taken at the time of assay. This precaution was necessary since some mutants lost the penicillinase plasmid so rapidly as to invalidate penicillinase determinations. In the assays reported herein, the samples contained not more than 10% penicillinasenegative clones.
Transductions. For transduction of 80/81 strains, we used typing phage 80; for transduction of strain 010, phage 29. These phages were grown on the appropriate hosts by the soft-agar overlay method (2).
For transduction to PS7 or PS47 and its derivatives, we induced the lysogenic host, PS47, or 8325aw with ultraviolet (14) . We obtained a few transductants of PS47 with the A5 plasmid by the use of phage 80.
The transduction procedure was that of Pattee and Baldwin (17) with minor modifications. Cells were grown overnight on HI-agar, washed off with NB, and adjusted to a concentration of 1010 colony forming units/ml. Phage 80 or 29 was added at a multiplicity of about 1.0, induced phage from 8325Cew or PS47 at a multiplicity of about 0.1. Phage and cocci (1010 colony forming units) in 2 ml NB containing CaC12 (400 yg/ml) were incubated for 45 min at 37 C with gentle shaking. We added 2.5 ml of BHI, centrifuged the culture, washed the cells with 2.5 ml of BHI, and resuspended them in 0.5 to 1.0 ml of BHI. Samples (0.1 ml) were plated on 0.15 u. pen. BHI-agar and incubated overnight at 37 C. Transductant colonies were subcultured twice on 0.15 u. pen. agar for purification. Phage sterility controls were run with each transduction. Recipient organisms without phage were plated on 0.15 u. pen. agar in each experiment, but never yielded spontaneous, penicillinasepositive mutants. The frequency of transduction mediated by phage 80 ranged widely from 10-6 to 10-10, the common range being 10-8 to 10A. The frequency of transduction with induced phage from PS47 or 8325aw was about 10-6. In some transductions of the 258 plasmid, we selected for erythromycin resistance and examined penicillinase production as the unselected marker (16) .
Derivation of mutant strains. Cultures grown overnight in LY broth were treated with ethyl methane sulfonate according to Novick (14) . The cells were plated on unbuffered 0.3 CY medium, covered with a thin layer of 0.5% agar, and incubated overnight at 30 to 32 C. Constitutive colonies were detected by the PNCB method and were purified by two or more successive subcultures of single colonies at 30 to 32 C.
Penicillinase-negative derivatives were obtained either spontaneously or after growth of the parental strain at 42 C (11 (Table 3) . Wild-type penicillinase plasmids were recovered from these transductants by outcrossing to naturally occurring negative strains or to negative strains derived either from wild-type penicillinase-positive or plasmid-constitutive strains.
Mutant A5K22 could not be tested in this way since we were unable to obtain a penicillinasenegative derivative from it.
Evidently, strain A5 is susceptible to a mutation that imposes constitutive penicillinase production upon normal penicillinase plasmids. The mutation is obviously unlinked to the plasmid. We refer to this phenotype as penicillinase R2-by analogy with a class of mutations affecting regulation of alkaline phosphatase in Escherichia coli described by Garen (see Discussion). Although we apply this name to all mutant strains of this class, we recognize that there is, as yet, no evidence that they bear lesions at a single locus. The correlation between temperature sensitivity and R2r mutants was not perfect. In some strains, a few plasmid mutants were temperaturesensitive. The sensitivity was usually moderate, the cocci grown at 40 C containing about one-half as much enzyme as at 30 C. In two plasmid mutants of strain A5(N)/258, the ratio of the penicillinase activities at the two temperatures was 0.4. Conversely, a few R2 mutants were only slightly temperature-sensitive and contained, like some plasmid mutants, about one-half as much penicillinase at 40 as at 30 C. In all strains, however, on the average, the ratio of the penicillinase activities at 40 C to those at 30 C was much lower for Rh than for plasmid mutants.
Expression of penicillinase production in R2 mutants. In general, the amount of penicillinase produced in Rh mutants appeared to be determined by the mutation. That is, strains obtained by transduction of wild-type plasmids into the cured mutants produced penicillinase in amounts comparable to the original mutants, provided that the transduced plasmid could be induced to similarly high levels in its native host. Thus Still a third possibility is that the R2-mutants contain an informational suppressor that interferes with the translation of the messenger produced by the normal i gene. Although a suppressor is recognized ordinarily by its effect on another mutation, some suppressors may affect the translation of some normal genes (5, 26) . In this connection, it may be significant that many R2-mutants form smaller colonies on agar media than do their parental strains or plasmid mutants.
The current state of knowledge of the regulation of protein synthesis in bacteria has been reviewed recently (27) . Our observations appear to suggest a pattern of regulation of penicillinase synthesis in S. aureus analogous to the alkaline phosphatase system in E. coli (3) and B. subtilis (12) . This enzyme also has two regulatory loci, one (RI) closely linked to the structural gene, the other remote from it (R2). Mutation at either site is sufficient cause for constitutive production of enzyme. There is evidence that the R2 locus in E. coli is responsible for the production of at least one specific protein. The 
